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SUMMARY

Results of wind-tunnel tests of three wing models with various
aileron configurations are presented. Density in the range of 0.08 x 10-2

to 0.58 X 10-2 slug per cubic foot has little effect on the initial
amplitude or initial Mach number associated with the aileron oscillations
(buzz). However, the frequencies decrease somewhat with decrease in den-
sity. The initial Mach number associated with buzz decreases with increasing
angle of attack, whereas mass balancing and changes 1in spring stiffness in
these tests have little effect. Increasing the aileron mass moment of
inertia lowers the oscillation frequency. Placing the aileron at the wing
tip delays the onset of buzz to a higher Mach number. There are experi-
mental indications that the buzz range is limited to a range of Mach num-
bers above the wing critical Mach number. A comparison of the results of
the test data with two previously published empirical analyses 1s made.

INTRODUCTION

Great interest has been shown in wing flutter which essentially
involves a single-degree-of-freedom flutter of ailerons on wings of
high-speed airplanes (ref. 1). This vibratory instability will be called
buzz in this paper. Some buzz tests have been conducted at the Ames
Aeronautical Iaboratory in the 16-foot wind tunnel (refs. 2 and 3).

These tests were made with a full-scale partial-span wing and were lim-

ited to one density condition. By use of the facilities of the 4% -foot

flutter research tunnel of the Langley Aeronautical Laboratory, it was
possible to study effects of the density of the testing medium on this
oscillation phencmenon and thus to determine some effects of altitude.
In addition, information was obtained on the effects of changes in the
inertia and spring stiffness of the aileron, of mass balancing, of angle
of attack, and of spanwise aileron location (or tip-relief effect).

lSupersedes declassified NACA Research Memorandum I9BO8 by Sherman
A. Clevenson, 1949.
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This paper presents the results of the analysis of the data
obtained from three wing models with various aileron configurations. It
also gives a comparison of the experimental results with the empirical

analyses of references 3 and k.
SYMBOLS

mass—density parameter at standard air conditions, ratio of
std a mass of testing medium of diameter equal to chord of
wing to mass of wing, both taken for an equal length of span

ra2 square of nondimensional radius of gyration of wing about
1ts elastic axis
a neondimensional coordinate of axis of rotation from
midchord
X, location of center of gravity measured from a
rBE square of reduced radius of gyration of aileron referred to c
XB reduced location of center of gravity of aileron
referred to ¢
c coordinate of aileron hinge axis
IB polar moment of inertia of aileron about its hinge line,

slug-ft2 per foot span

&> &y 8q structural damping coefficients

fhl first bending natural frequency of wing, cps
Tt uncoupled first torsion frequency of wing relative to
a
elastic axis, cps
fB natural frequency of aileron about its hinge line, cps
finit experimental frequency of aileron at onset of buzz, cps

k spring constant of aileron hinges, ft-1b/radian
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M Mach number

theoretical Mach number at which sonic velocity is first

c

T attained on section of wing at zero 1lift
Mch experimental Mach number at which wind tunnel chokes
M;nit experimental Mach number at which buzz is first observed
Ag aspect ratio of one wing panel
a wing angle of attack, deg
P density of test medium, slugs/cu ft

The following sketch taken from reference 5 shows the physical
significance of the nondimensional parameters tabulated in table I.

Leading Quarter Midchord Trailing
edge chord 0 edge
-1 -1/? 1

-~ c ——————41
T
@ Axis of rotation
2 2
g rg  Hinge
_/‘ 7 B
X
a c.g. of alleron
c.g. of entire wing

APPARATUS AND METHOD

Models

For this investigation three basic wing forms were used: wing 1,
NACA 66,2-215 section; wing 2, 23015 section; and wing 3, 16-016 section.
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Because the purpose of the investigation was to study the buzz phenome-
non, these wings were made of convenient materials of sufficient stiffness
to eliminate other types of flutter. Wing 1 was constructed of biamuth-
tin alloy with a dural insert (fig. 1). On its lower surface at aileron
midspan were three pressure orifices at 35, 50, and 65 percent wing chord
which were connected to three pressure cells. Provision was made to

add a spanwise extension at the wing tip (wings 1B and 1C). Figure 2
shows the wing mounted in the tunnel with this spanwise addition.

Wing 1A was the basic configuration with or without tufts on its upper
and lower surfaces. Wing 2 was of dural construction having the same
Plan form as wing 1, but with different airfoil section. Wing 3 (fig. 3)
was of dural construction and had a smaller chord and larger span than
wings 1 and 2. The ailerons were of spruce or balsa construction

(with spanwise laminations) with dural blocks at the ends for mounting
(fig. 4). For the purpose of mass balancing for some tests, the leading
edges of the ailerons were cut away and replaced with bismuth-tin alloy.
All aileron chords were 20 percent of the wing chords. These ailerons were
mounted to the wings with steel spring hinges (fig. 4). Some tests

were also made on a fourth wing, constructed wholly of spruce with a
pin-hinged aileron. Wing 4 had an NACA 65-009 section, 12-inch chord,

1
175-inch span with a 6-inch aileron span located 2 inches inboard of the
wing tip. A list of the wing parameters is presented in table I.

Tunnel

The tests were conducted in the Langley hé-foot flutter research

tunnel which is of the closed-throat single-return type employing air or
Freon-12 (having a sound speed of 510 ft per sec at 15° C) at pressures
varying from 4 inches to 30 inches mercury absolute. The experimental
choking Mach numbers M., for the wings were as follows: for

wing 1A, 0.851; for wings 1B and 1C, 0.831; tor wing 2, 0.853; for
wing 3, 0.816; and for wing %, 0.917. Reynolds numbers could be varied

from 1 X lO6 to 135 X 106. In all cases, the test wing was mounted in a
rigid base as a cantilever beam from the top of the tunnel (fig. 2).

Instrumentation

All wing models had bending and torsion strain gages near their
bases. For measuring ailleron deflection, wings 1, 2, and 3 had strain
gages on each hinge of each alleron. Wing 4 had a type of induction
position indicator attached to its aileron.
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Wing 1 had three dynamic electrical pressure cells connected to
three orifices in the wing. Wing 2 had within 1t an electromagnetic
eddy-current damper for the aileron (similar in principle to the
standard watt-hour meter). All strain-gage circuits, pressure cells,
and position indicators were connected to amplifiers and & carrier
gystem. The electrical impulses were recorded on a 14 channel recording
osclllograph.

For visual observations of shock formations and shock waves, a
ghadowgraph system employing a 100-watt point-source light was utilized.
The tunnel test section was painted black except for the top which wag
painted white. The light source was below the model and directed along
the wing span toward the top of the tunnel.

RESULTS AND DISCUSSION

Experimental data are presented in table IJ and also in
figures 5 to 12.

The effect of density on the onset of the oscillation is given in
figures 5 and 6. It can be seen that buzz starts with relatively small
amplitude (approximately 2° total displacement). The initial Mach number
is relatively independent of density. Wings 1A and 1B have essentially
constant frequency, but there is seen a tendency for a decrease in
requency with decrease in density. Wings 2 and 3 show a more definite
decrease of frequency for decreasing density. A small decrease of
frequency with density has been predicted in reference 4. In figure 5,
an indication of the tip relief effect 1s given. There i1s a definite
indication that the Mach number associated with the initiation of buzz
with the aileron near the wing tip (wing 1A) is higher than the initial
Mach number of the wing with the aileron inboard (wing 1B). The higher
Mach number attained is probably due to the higher critical Mach number
in the neighborhood of the aileron due to wing tip relief. This result
is in accord with the experimental trends presented in reference 3.

Figure 6 gives the data for wing 2, which 1t may be recalled has an
NACA 23015 section. Comparison of these results with those in figure 5
(those referring to wing 2 with similar plan form but with an
NACA 66,2-215 section) shows that buzz occurs on the 23015 section at
a higher Mach number. This 1s apparently a wing shape effect. Figure 6
also shows that the buzz frequency may possibly be a range of frequencies
at least for this case. However, this rapld change 1n frequency may
be caused by instabilities of flow in the tunnel near tunnel choking
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Mach number or by large nonlinear flow effects. Figure 7 is a sample
oscillograph record of wing 2 showing the frequency variation from 87
through 107 cycles per second in less than 0.3 seconds of time.

Figure 8 (wing 3, 16-016 section, 8-inch chord) shows that for =
constant density condition, the aileron buzz frequency and amplitude
increase with an increase in Mach number. ZFor this case, a range of
oscillations was obtained. At a Mach number of 0.81, there were indi-
cations that the shock position was on the rear part of the alleron and
the oscillation stopped abruptly. Even though this phenomenon occurred
close to tunnel choking Mach number, this would indicate that buzz
occurs in a range of Mach numbers. This is In agreement with statements
in references 2 and L.

The angle of attack was varied on wing 14, and the results plotted
in figure 9. It 1s seen that the Mach number assoclated with Initial
buzz drops off with increasing angle of attack. As indicated by the two
sets of data points in figure 9, the low amplitude nonperiodic oscil-
latory motion appears to precede a larger amplitude sinusoidal motion
of the aileron.

Small changes of aileron natural frequency had no appreciable
effect on buzz characteristice. Changing the spring constant of the
aileron hinge did not affect the frequency of oscillations (fiz. 10)
obtained previously. The effect of changing the moment of inertia of
the aileron is indicated in figure 11. There can be seen a tendency for
buzz frequency to decrease wlth increasing aileron moment of inertia.
This is also shown in filgure 9(a) of reference 4. In the course of
testing, it was determined that mass balancing had little effect on the
frequency or initial Mach number of buzz.

By observing initial formation of the shock waves on all the wings
tested in Freon-12, it was noted that buzz consistently occurred shortly
after a shock wave could be seen. The use of tufts on the wings made
it possible to observe the flow separation at approximately the shcck-wave
position. The rapld oscillation of the shock position could be seen ag
a blur. The pressure oscillations could be recorded by using dynamic
pressure cells or pickups for wing 1. However, due to the time lag of
pressure propagation from the wing orifice to the pressure cell, no
exact relationship could be determined between the aileron displacement
and the position of the shock wave.

Pressure varlations at the 35-, 50-, and 65-percent-chord stations
were recorded by using dynamic electrical pressure pickups. Figure 12
is a reproduction of the oscillograph record of the pressure oscillation
of wing 1C (with a balsa aileron). This pressure variation is approxi-
mately 49 pounds per square foot and occurs at a frequency of 85 cycles
per second at the 65 percent station for M = 0.805. The alleron
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oscillation occurs at the same frequency. The other two pressure pickups
show relatively small pressure variations. Visual observations placed
the shock wave at approximately the 65-percent-chord station.

The electromagnetic damper installed in wing 2 gave no positive
results. At zero alrspeed, the maximum damping, when applied, was
0.00041 foot-pounds per radian per second. During buzz, this amount of
damping (equivalent to approximately five times that of the original
system) had no effect in changing either the frequency or the magnitude
of the oscillation.

An attempt was made to obtain buzz with a relatively thin airfoil.
Consequently, wing 4 (NACA 65-009) was used. However, for a density
condition of "p = 0.0034 with an unbalanced aileron on wing 4, wing-
aileron flutter developed at M = 0.488. With a balanced aileron on
wing 4, wing bending-torsion flutter developed at M = 0.895. Thus, no
buzz data were obtained with this wing.

An empirical method of determining buzz frequencies 1s presented
in reference 2 and an example of this method is gliven in appendix A.
The method utllizes an aerodynamic frequency parameter which is then
modified in some systematic menner to determine a buzz frequency. The
aerodynamic frequencies for wings 1B, 2, and 3 were respectively 112, 75,
and 9% cycles per second from which the buzz frequencies were determined
to be 56, 38, and 48 cycles per second. These frequencies were based
on the velocity of sound in the testing medium, Freon-12. If these
frequencles were determined by using the speed of sound in air instead
of the velocity of sound in Freon-12, the aerodynamic frequencles would
be 220 and 145 for wings 1B and 2, and the corresponding buzz frequen-
cies would be 110 and T4. Reference to table III shows that this
empirical method i1s in better agreement with the experimental results
for alr than for Freon-12. In this same reference, a criterion was
suggested for the prevention of buzz, namely, a sufficiently high
aileron moment of inertia to make the alleron natural frequency less
than one-half the serodynamic frequency. For the wing-alleron combji-
nations tested, this criterion was apparently satisfied by a large
margin and yet dild not prevent buzz.

In reference 4, a hysteresis mechanism is suggested to determine
buzz frequency, Mach number and the amount of demping necessary to
prevent buzz. The procedure used is to assume the damping and restoring
aerodynamic forces and moments lag the velocitles and displacements,
in particular, because of flow separation. It was found by the use of
this analysis (see example in appendix B) that the ailerons of
wings 1B, 2, and 3 should have exhibited buzz respectively in a range
of Mach numbers of 0.71 through 0.85, 0.70 to 0.81, and 0.71 to 0.82;
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at ranges of buzz frequencies respectively of Uk to 70, 23 to 78,

and 39 to 55 cycles per second (for a tunnel density of 0.00209 slug

per cubic foot). The analysis also showed that it would take damping
for the three wings mentioned respectively equivalent to 0.0095

to 0.0126, 0.0154 to 0, and 0.00472 to O pound—feet per radian per second
per foot span to prevent the oscillation. The damping inherent in the
hinges of the allerons of these three wing combinationse were respec-

tively 7.702 x 10-2, 8.4k x 1075 (41.0 x 1072 with the eddy-current

damper in operation) and 6.15 X 1072 pound-feet per radian per second
per foot span. The ailerons of these three wings did osclllate but at
substantially higher frequencies (see table III) than those predicted,
namely in the ranges of 65 to 110, 55 to 130, and 70 to 115 cycles per
second, respectively. The corresponding Mach number ranges were 0.72

to 0.851, 0.80 to 0.853, and 0.75 to 0.81. The frequency test data were
obtained by using Freon-12 as the testing medium. In order to obtain
further insight on the phenomenon, two runs were made with alr as the
testing mediwm. For wing 2, approximately the same frequencies and Mach
numbers were obtalned in air as were obtalned by using Freon-12 at the
same density. However, for wing 1B the frequency was considerably
higher (table III). By applying the analysis of reference 4 to the data
points In air, 1t was seen that the analysls predicted the oscillation
at the same Mach numbers with a slightly higher frequency than that
predicted previocusly (table III). Unfortunately the experiments were
not as clear cut as one would like them to be, and the separation
phenomena in air and Freon-12 were not fully Investligated. Thus,
although this analysis predicts buzz Just above wlng critical Mach
number and at lower frequencles than those obtained experimentally, it
is not wholly inconsistent with the experimental results of these tests.
An over-all comparison is found in table III.

CONCLUDING REMARKS

Results presented for these wings show that density of the testing
medium in the range of 0.08 x 102 to 0.58 x 10=2 slug per cubic foot
has little effect on the initial magnitude and initial Mach number of
buzz. The buzz frequency decreases somewhat with decrease in density.

The Mach number corresponding to the initial buzz decreases as the
wing angle of attack i1s increased.

Mass balancing the aileron apparently had no effect on buzz; whereas
increasing the aileron mass moment of inertia tended to lower the
osclllation frequency. Changes of the spring stiffness of the ailleron
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hinges in these tests had no effect on buzz. Placing the aileron
at the wing tip delays buzz to a higher Mach number.

There was an indication that a sufficient increase 1n Mach number
to bring the shock-wave positlon to the rear part of the aileron
damps out the buzz; this implies that buzz exists only in a range of Mach
numbers above the wing critical Mach number.

A comparison of the experimental results was made with empirical
analyses of two references. This comparison showed only qualitative
agreement. Refinements both in analysis and experimentation are
desirable.

Langley Aeronautical Laboratory,
National Advisory Cormittee for Aeronautics,
Langley Field, Va., February 10, 1949.
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APPENDIX A

EXAMPLE OF THE EMPIRICAL METHOD OF DETERMINING BUZZ
FREQUENCY FROM REFERENCE 2
This method assumed that flutter with one degree of freedom can

result from a time lag in the changes of flow about a wing. This time
is determined as

= K24
a(l - M)

where
t time
d distance from tralling edge to shock
M free-stream Mach number
a veloclity of sound
K factor to account for any additional time and estimated

to equal 2

By inverting +t, a frequency is determined as follows:
_all - M
fa = —i—ﬂa-_l

where

fa aerodynamic frequency

The phase difference is determined as follows:

(-8
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where

¢' phase difference between hinge moment and aileron
position

f single degree of freedom flutter frequency

The predicted condition for preventing steady flutter 1is

1/

(“Ca))z + (Km - Iw2>2 > A

where
C damping coefficient <; §é>
cr 3
Km equivalent spring constant <?Doé>
I mass moment of Iinertia of the alleron
A variation of the hinge moment with aileron angle
w = 2nf
tan ¢’ - Co

f, - 1’
Since ¢' = <} - §£i>360, the determination of f is
a
&:f:i [—tan'l ____20.)____ 4-360
on 360 K, - In°

It Kﬁ ig smaller than Iwz, f 1s between O.5fa and O.75fa,

and when Km is greater than Iwz, f 1s between O-75fa and fge
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By applying the parameters of wing 1A,

¢ o-a(l -M) _510(1 - 0.71) _ 119 cps
a ha 4 x 0.333

K, = Izn02 = 12 x 2.339 x 1072 i_g(ealo.s)g = 1.018

Ccr = 9vﬁ§;f

& _ 0.05 _
= = = 0.025

o
M I

C = 0.025C, = 0.025 x 2 V1.018 x 2.339 x 107

. C = 0.05 % 0.0154 = 0.77 x 10~3
Therefore,
® _f = 12( gan-1 0.77 x 10=3w + 360
ox 360 1.018 - 2.339 x 1042

and 1s solved graphically

600 /////
300 /////

0]
20 . 100

Thus it is seen that the predicted frequency of this single degree

of freedom flutter is 56 cycles per second.
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APPENDIX B

EXAMPLE OF ANALYTICAL METHOD OF REFERENCE A4

The following example indicated how the data of wing 2 is applied
to the analysis of reference k:

Physical Deta

Mach number o + « o o o o o o o o o o o o o« o o e o s o o o 0.70
Velocity, feet/second s o 8 5 4 4 8 6 s & 6 s 6 e 6 a s s & u 357
Aileron moment of inertia about hinge line, slug-foot® . . 1.92 x 10->
Aileron span, £t « « « ¢ « ¢« ¢ o o o 4 4 e 4 e s e 4 e .. 0.83
Wing chord at midaileron span, feet . . . « « « ¢ ¢« « « . . . 0.83
Density of medium, slug/foot3 « « v v & ¢ 4 o 4 4 0 v 0 0 . . 0.00209
Geometric alleron hinge-line location, percent wing chord . . 80
Geometric aileron leading-edge location,

Percent wing chord . « « ¢ ¢ ¢ ¢« ¢« ¢ o o ¢ o o o o o o o . 75
Natural frequency of aileron, cycles per second . « « « + o . 10.2

Computed Parameters (See reference 6.)

b = 92?3 = 0.415

_2x80 _
100

c 1 =0.6

e:ax_ﬁ—lzo_s
100

wy = (10.2)(2n) = 64.2 radians/second
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Estimation of Time lLag

t:ta+tb+tc+td

where v 18 assumed equal to zero and td is assumed to be very

small and
8y chordwise location of shock wave on airfoill in feet
8o chordwise location of some point on aileron (in feet) which
can be used as an effective center of pressure
a Jocal speed of sound
v local velocity of the medium
At M= 0.7
8, = 35-percent chord

8o = 83-percent chord

a - v (averaged over the distance 8o - sl) = T6 fps

t =083 - 0.35 10 _ 5.00506
a 7 12

tb = 0.00526
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t =—_3___d320'8 - 0. Q:
12

c 510
t = 0.0113
By using equation (19) of reference U
g = 57.30t
Then

d = 0.647w

15

0.00078k4

where ¢ is the phase angle during the oscillation by which the actual
alr-flow circulation lags behind that corresponding to potential flow.

a8
bat

Effect of control

t gtiffne
szs afk a8

v g

oIy 6

Resultant asrodynamic
hinge moment congid—

ering only K, and aD,
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Calculétion of Aerodynamic Hinge Moments

The equation of the hinge moments is as follows (terms defined in
reference 6):

T - o npblw? [ L [B - (c - &)(T + Bg) + P (c - e)}
Jl_ |

and 1s dependent on the flutter parameter v/bw. The real and imaginary
components of the moment are computed and in nondimensional form are

K

Real component = a
xtpbl‘w2
wD
Imaginary component = a
npb)*w2

From the geometry of the preceding figure, 1t can be shown that
I

cos(¢ - V) = [1 - (_” cos ¥

npblﬁ'.n2

from which ¢ can be determined for various values of v/bw

-%5 ¢ g2 @
2.50 6l 0 336
3.33 8L -38 252
3.75 87 b7 o2k

10.00 93 -85 8k
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These values are plotted as ¢ against o on the same plot
as @ = 0.647w. The intersection of these curves determines the

resultant phase angle and frequency of oscillation as shown in the
following figure

100

50 - \

v b ] e

g o0 100 200 300 500
w /
/
50
//
~100

By using the resultant frequency and phase angle in the following
equation (also determined from the geometry of fig. under section
entitled "Estimation of Time Lag"), the value of damping necessary to
prevent the oscillation is determined.

D 1

sin(¢ - V) = Z 1 sin y
“pb w -wDa
prﬁng

Thus the predicted frequency of oascillation is 23.4 cycles per
second at M = 0.7 and would take an amount of damping equivalent
to 0.0154 pound-feet per radian per second per foot span of the
aileron to prevent the oscillation.
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TABLE I

WING AND AITLERON PARAMETERS

19

rameter
2 o
m td Ty a X, T8 X3 ¢ IB
Wing °
1A 694 10.230(-0.126]0.033| 15.0 x 1072 | 7.75x1072]0.6|2.339 x 10-5
1B 550 | «230| -.126| .033| 18.0 5465 6{2.339
ic 550 | «230| -.126| .033| 7.9 3.40 .6[1.031
) 284 | 224| -.140| .000| 38.8 3.88 «6]2.4300
3 340 | «230| -.050| .020| T72.0 2 .64 612.270
L 28 | .210| -.192| .140|11l2 10.50 .6{1.381
arameter
8 | 8] & |Thy | Ta | Tp |Mer | M [ A
Wing
1A 0.040 [ 0.050 | 0.050 | 12.0] 138 { 10.5! 0.71 [0.851| 2.70
1B 050 | 060) .060| 13.6| 138 10.5; .71 | .831] 3.50
1C 081 | 0211 .025] 13.8| 122 | 13.5| 71 | .831} 3.50
2 o141 | ---=1! 140 47.5| 135 10.2]| <67 | .893| 2.70
3 081 | .002 062 6L.0| 2101 12.2 .71 | .816| 6.00
in 050 | +100| .000| Th.O| 123| 00.0) 79 | .917| 1.38
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TABLE IT

EXPERIMENTAI, DATA

@ o Aileron M fi 1ts @ o, Ailleron M £
F] n ¢ } ]
deé slugs/cu ft &mp;i;:ude, iniy cps deg 51\185/ cu ft ampéiéude, init g:;t
Figure 8
Figure 5
Wing 3
Wing 1A
) 0.521 x 1072 0 0.759 | -—-
0 {0.327x1072] 1.78 |o.788 &9 0 521 2.24 L7601 70
37T .89 .7821 68 0 .521 3.36 .T68 91
JLos 1.78 .56 69 o .521 3.36 TTT) 98
406 .89 7571 70 0 .521 L.48 7871 100
.530 3.56 LT68 69 0 .521 6.72 797 | 106
.583 1.78 7 T 0 521 6.72 .807 | 113
Wing 1B
0 |0.359x1078} 1.78 |o.734 68 Figure 9
.ko3 2.67 .78 178
478 1.78 7600 79 Wing 1A
.560 1.78 750 80 >
-6 0.261 x 10~ 0.89 0.769 70
Wing 3 -3 261 .89 .T6L 67
) 261 .89 LT 67
0 |0.261x1072| 2.2k [0.802] 6u 3 261 .89 LT3k 69
.ho8 2.24 LTT0[ 71 6 .261 .89 LT31 69
485 2,24 770 84 9 .261 .89 .683 67
.580 3.36 .78 105 -6 .261 2.67 .800 70
-3 261 2.67 7951 67
0 261 2.67 .79k 67
3 .261 2.67 . T80 69
Figure 6 6 .261 2,67 | = 69
9 .261 2,67 | cemm- 67
Wing 2 A
0 {0.084x1072| 3.56 |0.835/48
176 3.56 .839[ 70, 76 k, P, Ips 5 Minit |Tinit?
209 3.56 .839| 70285 ft-1b/radian| slugs/cu ft slug-t cps
227 3.56 .836| To-71 per foot span
248 2.67 .834] 7480
.269 2.67 .335 73-81 Figures 10 and 11
2322 ggg 'ng Sﬁigg 0.0283 0.59 x 1072 | 1.03 x 1072 | 0.76 70
: . . .0525 .59 1.03 .76 70
36 3.56 .833]83-97 ‘o 1.03 ‘ 69
.361 3.56 | .835/99-119 -0025 -29 : -7
0525 59 1.03 .73 70
.38k 1.78 | .833[95-105
Lot 2.67 .831|95-105 -0525 .66 2.3k .76 59
431 —_——- Bopl-i--ll «0525 Sh 3.82 77 57
450 1.78 .825191104
475 3.56 .823{95-100
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TABLE ITIT
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Reference L Reference 2
Damping to Buzz Buzz Mach Aerodynemic Buzz
o prevent buzz frequency number range frequency [frequency
. 2
Wing slugs/cu ft
Freon Ailr |Freon| Air Freon Alr Freon | Alr Freon Alr
1B 0.00055 | -=----- 0.0036f----- 56-89] =m-memmn 0.71-0.85 112 220 56 110
1B 0.00209{ 0.0095 |------ L -7 ~eam- 0.71-0.85) ===ec-o-- 112 | 220 |56 |110
2 0.00036 | —=-un- 0.0092(=--=~- L[ T — 0.70-0.84 P 145 38 Th
2 0.00210 [ 0.0154 |[~-w=--- 23-78|----- 0.70-0.81) -==man-- i 145 38 T4
3 0.00209 | 0.0047 |=---=- 39-55---~-- 0.71-0.82) m=vmmeumn ol 182 48 9l
Experimental data
Aileron Mach
Aileron Alleron buzz number range
o, Damping inherent frequency range
Wing ; natural for buzz
slugs/cu £t in aileron
frequency
Freon Atr Freon Air
1B 0.00062 0 .000077 10.5 54-105 {112-125] 0.74-0.811 0.67-0.82
1B 0.00209 0.000077 10.5 65-110 | -~-=mm- 0.72-0.85 | --=mcu-
2 0.00043 0.000084 10.2 4¥7-92 | 47-67 }0.81-0.85|0.77-0.86
2 0.00210 0.000084 10.2 55-130 | ---~--- 0.80-0.85 { ~=-mmeum
3 0.00209 0 .000062 12.2 T70-115 | ~==m==m 0.75-0.81 | ~~mevmmem-
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Figure 2.— Model 1C mounted in the Langley %—foot flutter research

tunnel,

/4

25

4
i



NACA TN 3687

*€ SUuTA JO SUOTSUSWIP PUB UOTFIONIFSUOD 8T JO YO3eNS —*§€ oanBIg

uogioces 9T0-91T VOVN

BN

B -t 8T

\O
*
()

--'

Teang

w8

O000000O0

i
.

w82’ T f
|

2k



NACA TN 3687 25

Wing

.004 blue steel springs

——— ———Dural mounting block

—-———— 8panwise laminations

Figure L.— Diagramatic view showing aileron mounted to wing on steel hinges.
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Figure 6.— Aileron frequency, Mach number, and amplitude against density
at onset of buzz. Wing 2; a = 0°,
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Figure 8.— Aileron frequency and amplitude against Mach number.
Wing 3; p = 0.00521; « = 0°,
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Wing 1A
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Angle of attack, degrees

O— —0 2.67 degrees alleron amplitude, sinusoidal motion of aileron

O0——O0 0.89 degrees aileron amplitude, non-periodic oscillatory
motion of aileron

Figure 9.— Buzz Mach number against angle of attack.
Wing 1A; p = 0.00261.
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Figure 10.— Aileron buzz frequency against aileron spring constant.
Wing 1C; M = 0.76; p = 0.00586 (average); I = 1.031 x 10™°.
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Figure 1l.- Aileron buzz frequency against aileron moment of inertis.

M = 0.76; p = 0.00586 (average); k = 0.0525.
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